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Description
TECHNICAL FIELD

[0001] The presentdisclosure generally relates to mo-
bile communication networks such as a 5G communica-
tion network, and more particularly to tracking area sup-
port.

BACKGROUND

[0002] Every time a mobile device registers within a
mobile network, various information is saved. The plu-
rality of registrations that happen through the movement
of the mobile device within the mobile network are stored
as a tracking area (TA), even onetime only used cells for
a specific network slice. Nearby cells are grouped as one
tracking area and the sum of all tracking areas form the
registration area (RA) of a mobile device as described
by the 3 Generation Partnership Project (3GPP) Tech-
nical Specification (TS) 23.501. In other words, a regis-
tration area is a list of tracking areas for a mobile device,
and is configured by the core network (CN) to the mobile
device. Once the mobile device goes outside of the TAs
in the Registration Area, it needs to perform a Registra-
tion Area Update, and the core network re-evaluates the
TAs inthe RA to configure a new registration area (3GPP
TS 23.501).

[0003] A mobile device that is roaming freely, i.e., in
the RRC INACTIVE state in 5G standard, can be found
from the network by paging the base stations and the
corresponding cells of the tracking areas. The 5G stand-
ard with its introduced RRC INACTIVE state, enables
low signaling overhead to find the current location of the
mobile device.

[0004] The core network uses a radio access network
notification area to effectively find the mobile device. The
notification area can cover a single or multiple cells and
shall be contained within the registration area. The mo-
bile device informs the network every time a new cell or
tracking area is added to the RA to update the notification
area and to allow the mobile device to be located in the
event of RRC state change.

[0005] The present disclosure is directed to improve
the integration of temporary tracking areas into the radio
access network notification area while the mobile device
is in the inactive state.

SUMMARY

[0006] Accordingto afirstaspect, a method performed
at an apparatus. The method is for configuration of a
Radio Access Network (RAN) Notification Area (RNA) is
provided. The method comprises receiving a first mes-
sage including Tracking Area (TA) information compris-
ing timing information for at least one temporary TA, and
receiving a second message including RNA information
comprising information about a cell to be added to the
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RNA and the TA to which the cell belongs. The method
further comprises configuring the RNA with the timing
information for the at least one temporary TA. When the
TA to which the cell (i.e., the cell which is to be added to
the RNA) belongs is the at least one temporary TA (i.e.,
if it is the temporary TA in case of one temporary TA or
one of the temporary TAs in case of more than one tem-
porary TA), temporarily adding the cell to the RNA based
on the timing information for the at least one temporary
TA.

[0007] According to a second aspect, a method per-
formed at an apparatus. The method is for configuration
of an RNA is provided. The method comprises receiving
afirst message including Tracking Area (TA) information
comprising timing information for at least one temporary
TA, and receiving a second message including RNA in-
formation indicating a TA to be added to the RNA. The
method further comprises configuring the RNA with the
timing information for the atleast one temporary TA, and,
when the TA received in the second message is the tem-
porary TA configured in the first message, temporarily
adding the at least one temporary TA to the RNA based
on the timing information for the at least one temporary
TA.

[0008] In some examples of the first and second as-
pects, the apparatus is one of a user equipment (UE) a
baseband module, an antenna, orany combination there-
of.

[0009] In some examples of the first and second as-
pects, the apparatus is a UE, and the first message is
received by the UE over Non-Access Stratum (NAS) sig-
naling from the Access and Mobility Management Func-
tion (AMF).

[0010] In some examples of the first and second as-
pects, the second message is a Radio Resource Control
(RRC) message received from a RAN node.

[0011] In some examples of the first and second as-
pects, the apparatus is a UE, and configuring the RNA
with the received timing information comprises indicat-
ing, by the UE Non-Access Stratum (NAS) the timing
information to UE Access Stratum (AS) for the at least
one temporary tracking area.

[0012] In some examples of the first and second as-
pects, the timing information comprises atime period dur-
ing which the cell or the temporary TA is added to the
RNA.

[0013] For example, the time period can be defined by
a first point of time and a second point of time wherein
the second point of time is after the first point of time, and
wherein the cell or the temporary TA is added to the RNA
at the first point of time and removed from the RNA at
the second point of time.

[0014] In some examples of the first and second as-
pects, the apparatus determines, based on the received
TA information, whether the TA to which the cell belongs
is the at least one temporary TA.

[0015] In some examples of the first and second as-
pects, the apparatus determines that the TA to which the
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cell belongs is the at least one temporary TA upon re-
ceiving the second message.

[0016] According to a third aspect, a method for con-
figuration of a Radio Access Network (RAN) Notification
Area (RNA) of a UE configured with Tracking Area (TA)
information comprising timing information for atleast one
temporary TA is provided. The method comprises, at the
RAN node, transmitting a message to the UE, the mes-
sage including RNA information indicating a cell to be
added to the RNA of the UE, and determining whether
the cell belongs to the at least one temporary TA. When
the cell belongs to the at least one temporary TA, the
RNA information included in the message transmitted to
the UE further includes the TA to which the cell belongs.
[0017] In some examples of the third aspect, the mes-
sage is a Radio Resource Control (RRC) Release mes-
sage.

[0018] Accordingto afourth aspect, an apparatus con-
figured with a Radio Access Network (RAN) Notification
Area (RNA), is provided. The apparatus comprises a
processor and a memory with instructions which, when
executed by the processor, cause the apparatus to re-
ceive a first message including Tracking Area (TA) infor-
mation comprising timing information for atleast one tem-
porary TA, and to receive a second message including
RNA information comprising a cell to be added to the
RNA and the TA to which the cell belongs. The instruc-
tions, when executed by the processor, further cause the
apparatus to configure the RNA with the received timing
information for the at least one temporary TA. When the
TAto which the cell belongs is the at least one temporary
TA, the instructions further cause the apparatus to tem-
porarily add the cell to the RNA based on the timing in-
formation for the at least one temporary TA.

[0019] According to a fifth aspect, an apparatus con-
figured with a Radio Access Network (RAN) Notification
Area (RNA), is provided. The apparatus comprises a
processor and a memory with instructions which, when
executed by the processor, cause the apparatus to re-
ceive a first message including Tracking Area (TA) infor-
mation indicating timing information for at least one tem-
porary TA, and to receive a second message including
RNA information indicating a TA to be added to the RNA.
The instructions, when executed by the processor, fur-
ther cause the apparatus to configure the RNA with the
received timing information for the atleast one temporary
TA, and, when the TA received in the second message
is the temporary TA configured in the first message, to
temporarily add the at least one temporary TA to the RNA
based on the timing information for the at least one tem-
porary TA.

[0020] In some examples of the fourth or fifth aspects,
the apparatus is one of a user equipment (UE) a base-
band module, an antenna, or any combination thereof.
[0021] In some examples of the fourth or fifth aspects,
the apparatus is a UE, and the first message is received
by the UE over Non-Access Stratum (NAS) signaling
from the Access and Mobility Management Function
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(AMF).

[0022] In some examples of the fourth or fifth aspects,
the second message is a Radio Resource Control (RRC)
message received from a RAN node.

[0023] Insome examples of fourth or fifth aspects, the
apparatus is a UE, and configuring the RNA with the re-
ceived timing information comprises indicating, by the
UE Non-Access Stratum (NAS) the timing information to
UE Access Stratum (AS) for the at least one temporary
tracking area.

[0024] In some examples of the fourth or fifth aspects,
the timing information comprises a time period during
which the cell or the temporary TA is added to the RNA.
For example, the time period can be defined by a first
point of time and a second point of time wherein the sec-
ond point of time is after the first point of time, and wherein
the cell or the temporary TA is added to the RNA at the
first point of time and removed from the RNA at the sec-
ond point of time.

[0025] In some examples of the fourth or fifth aspects,
the apparatus determines, based on the received TA in-
formation, whether the TA to which the cell belongs is
the at least one temporary TA.

[0026] In some examples of the fourth or fifth aspects,
the apparatus determines that the TA to which the cell
belongs is the at least one temporary TA upon receiving
the second message.

[0027] According to a sixth aspect, a Radio Access
Network (RAN) node is provided. The RAN node is com-
municatively coupled to a user equipment (UE) and con-
figured with a Radio Access Network (RAN) Notification
Area (RNA). The RAN node comprises a processor and
a memory with instructions which, when executed by the
processor, cause the RAN node to transmit a message
to the UE, the message including RNA information indi-
cating a cell to be added to the RNA of the UE, and to
determine whether the cell belongs to the at least one
temporary TA. When the cell belongs to the at least one
temporary TA, the RNA information included in the mes-
sage transmitted to the UE further indicates the TA to
which the cell belongs.

[0028] In some examples of the sixth aspect, the mes-
sage is a Radio Resource Control (RRC) message.
[0029] In a further of the sixth aspect, a method per-
formed at an apparatus for configuration of a RAN Noti-
fication Area (RNA) comprises receiving a message in-
cluding RNA information to be temporarily added to the
RNA, and timing information associated to the RNA in-
formation. The method further comprises configuring the
RNA by temporarily adding the RNA information to the
RNA based on the timing information.

[0030] In some examples the sixth aspect, the timing
information comprises a time period during which the
RNA information is to be temporarily added to the RNA.
For example, the time period can be defined by a first
point of time and a second point of time wherein the sec-
ond point of time is after the first point of time, and wherein
the cell or the temporary TA is added to the RNA at the
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first point of time and removed from the RNA at the sec-
ond point of time.

[0031] In some examples of the sixth aspect, the RNA
information includes at least one of a cell identifier (ID)
and an identifier of a Tracking Area (TA). In one example
the tracking area identifier is the tracking area code.
[0032] Insome examples of the sixth aspect, the timing
information comprises at least one of a first time period
associated to the cell ID and a second time period asso-
ciated to the identifier of the Tracking Area.

[0033] Insome examples of the sixth aspect, the meth-
od further includes determining an expiration of the time
period associated to a serving cell for the apparatus, the
serving cell being indicated by a cell identifier included
in the RNA information, and sending a RAN notification
area update based on the determined expiration of the
time period.

[0034] Insome examples of the sixth aspect, the meth-
od further includes determining an expiration of the time
period associated to a TA including a serving cell for the
apparatus, the TA being indicated by an identifier of a
TA included in the RNA information and the identifier of
the serving cell not being included in the RNA, and send-
ing a RAN notification area update based on the deter-
mined expiration of the time period.

[0035] Insome examples of the sixth aspect, the mes-
sage is a RRC Release message received from a RAN
node.

[0036] In a seventh example aspect, a method for a
RAN Notification Area (RNA) configuration of a UE com-
prises, at a RAN node having TA information indicating
timing information for at least one temporary TA, trans-
mitting a message to the UE, the message including RNA
information indicating a cell and/or a TA, to be added to
the RNA of the UE. The method further comprises deter-
mining whether the cell and/or the TA to be added to the
RNA of the UE belongs to the at least one temporary TA,
wherein, when the cell and/or the TA belongs to the at
least one temporary TA, the RNA information included
in the message transmitted to the UE further indicates
the timing information for the temporary cell/TA.

[0037] In some examples of the seventh aspect, the
message is a Radio Resource Control (RRC) Release
message.

[0038] In some examples of the seventh aspect, the
timing information comprises a time period during which
the cell and/or the TAis to be added to the RNA of the UE.
[0039] In example eight aspect, an apparatus for con-
figuration of a Radio Access Network, RAN, Notification
Area, RNA, comprises at least one processor and atleast
one memory storing instructions. The instructions, when
executed by the at least one processor, cause the appa-
ratus at least to receive a message including RNA infor-
mation to be temporarily added to the RNA, and timing
information associated to the RNA information, and to
configure the RNA by temporarily adding the RNA infor-
mation to the RNA based on the timing information.
[0040] Insome examples of the eight aspect, the mes-
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sage is a RRC Release message, and the apparatus is
caused to receive the message from a RAN node.
[0041] Insome examplesofthe eightaspect, the timing
information comprises a time period during which the
RNA information is to be temporarily added to the RNA.
[0042] Insome examples of the eight aspect, the RNA
information includes at least one of a cell identifier (ID)
and an identifier of a Tracking Area (TA).

[0043] In a nineth example, a Radio Access Network
(RAN) node, being communicatively coupled to a user
equipment (UE) configured with a RAN Notification Area
(RNA)is provided. The RAN node comprises a processor
and a memory with instructions which, when executed
by the processor, cause the RAN node to provide Track-
ing Area (TA) information indicating timing information
for at least one temporary TA, transmit a message to the
UE, the message including RNA information indicating a
cell and/or a TA, to be added to the RNA of the UE, and
to determine whether the cell and/or the TA to be added
to the RNA of the UE belongs to the at least one tempo-
rary TA, wherein, when the cell and/or the TA belongs to
the at least one temporary TA, the RNA information in-
cluded in the message transmitted to the UE further in-
dicates the timing information for the temporary cell/TA.
[0044] In some examples of the nineth aspect, the
message is a Radio Resource Control (RRC) Release
message.

[0045] Insome examples of the nineth aspect, the tim-
ing information comprises a time period during which the
cell and/or the TA is to be added to the RNA of the UE.
For example, the time period can be defined by a first
point of time and a second point of time wherein the sec-
ond point of time is after the first point of time, and wherein
the cell and/or the TA is added to the RNA at the first
point of time and removed from the RNA at the second
point of time.

[0046] Insomeexamplesofthe nineth aspect, the RNA
information includes at least one of a cell identifier (ID)
and an identifier of a Tracking Area (TA).

BRIEF DESCRIPTION OF THE FIGURES

[0047] In the following embodiments will be described
in greater detail with reference to the attached drawings,
in which:

FIG. 1A is a flow chart illustrating one embodiment
of a temporary tracking area support procedure.

FIG. 1B is a flow chart illustrating another embodi-
ment of a temporary tracking area support proce-
dure.

FIG. 2 shows a schematic diagram of an example
mobile communication device;

FIG. 3 shows a schematic diagram of an example
control apparatus;
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FIG. 4 shows one embodiment of for a temporary
tracking area support inclusion to the RNA.

FIG. 5 shows a further embodiment for a temporary
tracking area support inclusion to the RNA.

In FIG. 6 visualizes another embodiment for a tem-
porary tracking area support inclusion to the RNA.

FIG. 7 depicts an exemplary graphical overview on
how the invention works.

FIG. 8 is a flow chart illustrating the method from UE
perspective.

FIG. 9 shows another embodiment for a temporary
cell inclusion into the RNA.

FIG. 10 shows another embodiment of a temporary
tracking area support inclusion into the RNA.

DETAILED DESCRIPTION

[0048] As mentioned above, a radio access network
(RAN) notification area (RNA) is used to effectively find
the mobile device when it releases into Radio Resource
Control (RRC) INACTIVE state. A mobile device (also
referred to as user equipment, UE) in the RRC INACTIVE
state can be configured by the last serving NG-RAN node
(next generation or gNB) with an RNA. The RNA may be
configured with locations where the UE was registered
atleastonce. In this way, the RNA can become very large
and at most as large as the complete registration area
(RA) of the UE.

[0049] The 3GPP standard document TS. 38.300
gives multiple definitions on how the RNA should be con-
figured, e.g. by an explicit list of cells that constitute the
RNA or by a list of RAN areas, where a UE is provided
(atleastone) RAN area ID, where a RAN area is a subset
of a core network (CN) Tracking Area (TA) or equal to a
CN Tracking Area. A RAN area is specified by one RAN
area ID, which consists of a Tracking area Code (TAC)
and optionally a RAN area Code. A cell of a gNB broad-
casts one or more RAN area IDs in the system informa-
tion. The Next Generation-RAN (NG-RAN) may provide
different RNA definitions to different UEs but not mix dif-
ferent definitions to the same UE at the same time. A UE
shall support all RNA configuration options listed above.
According to one example the RNA may include one or
more Cell Identifiers (IDs) each of which identifies a re-
spective cell that constitute the RNA, or one or more RAN
area IDs each of which identifies a respective RAN area.
[0050] In any case, the RNA is a subset of the regis-
tration area of the UE. It should be noted that the core
network knows the location of an idle UE in Registration
Management-REGISTERED state with respective to the
configured RA. Thus, in case of a network-originated
service request (corresponds to mobile terminated serv-
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ice), the Access and Mobility Management Function
(AMF) pages the gNBs belonging to the TAs of the RA.
The AMF can apply different paging policies, e.g., page
only parts of the RA considering the last TA where the
UE made the RA update. Thus, there is a trade-off be-
tween the size of the RA and paging overhead vs. the
RA update frequency. In other words, large RA implies
fewer RA updates but more paging signaling, whereas
small RA implies more RA updates but less paging sig-
naling. In addition, with smaller RA, the UE could be
reached faster and thus might be preferred for certain
services with delay constraints.

[0051] In case there are temporary tracking areas, i.e.
tracking areas that are only used once in a while or at
specific time only, some tracking areas can be removed
and added to the registration area based on atimer. It is
unclear how this behavior will be synced with RNA such
that the RNA is constantly kept as a subset of the regis-
tration area at any point in time. This invention proposes
a method for RNA configuration to comply with Registra-
tion area with temporary tracking area deployment. The
method introduces solutions to timely remove and add a
cell to the RNA, by indicating the relation of each cell with
the tracking area they are related to or the explicit timing
information being configured to the UE. The UE obtains
(e.g., receives or determines) the temporary RNA inclu-
sion information and uses it to determine whether to add
or remove a TAC or a cell from the RNA.

[0052] Before explaining the invention by embodi-
ments, one method is explained by way of example from
a UE’s point of view using FIG. 1A. The UE is in CON-
NECTED state, i.e. is communicatively coupled to a cell
of a gNB and also detectable for the CN. At first, at 100,
the UE is receiving a first message including TA informa-
tion indicating timing information for at least one tempo-
rary TA from CN. A temporary TA is existing in the reg-
istration history of the UE and therefore this TA has to
be considered adequately in the RNA in case of a sudden
state change of the UE. The timing information of this
tracking area includes the start and end time of when the
tracking area might be considered in the RNA.

[0053] Next, at 101, the UE is receiving a second mes-
sage including RNA information indicating a cell to be
added to the RNA and the TA to which the cell belongs
from gNB. This message creates the connection between
the reported temporary TA and the associated cell of the
RAN Node or gNB.

[0054] At 102, the UE is configuring the RNA with the
received timing information for the at least one temporary
TA. The UE uses the received information from these
two messages and initiates an RNA update to include
the temporary TA based on a timer. This ensures that
the RNA does not become too large and that only the
temporary TA should be added if the UE is expected there
at a certain time.

[0055] Lastly, at 103, when the TA to which the cell
belongs is the at least one temporary TA, the UE is tem-
porarily adding the cell to the RNA based on the timing
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information for the at least one temporary TA In case the
UE changes from RRC CONNECTED to RRC INACTIVE
mode while it is expected to be in the temporary TA, the
CN s paging the temporary TA while it is part of the RNA.
[0056] An alternative method is illustrated by way of
example from a UE’s point of view in FIG. 1B. As above,
the UE is in CONNECTED state, i.e. is communicatively
coupled to a cell of a gNB and also detectable for the
CN, and is receiving a first message including TA infor-
mation indicating timing information for at least one tem-
porary TAfrom CNat 100. Thus, as above, this temporary
TA has to be considered adequately in the RNA in case
of a sudden state change of the UE. The timing informa-
tion of this tracking area includes the start and end time
of when the tracking area might be considered in the
RNA.

[0057] Next, at 104, the UE is receiving a second mes-
sage. In some embodiments, this message is an RRC
Release Message.

[0058] Similarto FIG. 1A, at 102, the UE is configuring
the RNA with the received timing information for the at
least one temporary TA. The UE uses the received timing
information and initiates an RNA update to include the
temporary TA based on the timing information.

[0059] Lastly, at 105, the UE is temporarily adding the
atleast one temporary TA to the RNA based on the timing
information. In case the UE changes from RRC CON-
NECTED to RRC INACTIVE mode while it is expected
to be inthe temporary TA, the CN is paging the temporary
TA while it is part of the RNA.

[0060] A possible (mobile) communication device 200
will now be described in more detail with reference to
FIG. 2 showing a schematic, partially sectioned view.
Such a mobile communication device 200 is often re-
ferred to as User Equipment (UE), user device or terminal
device. An appropriate mobile communication device
200 may be provided by any device capable of sending
and receiving radio signals. Non-limiting examples com-
prise a Mobile Station (MS) or mobile device such as a
mobile phone or what is known as a smart phone, a com-
puter provided with a wireless interface card or otherwire-
less interface facility (e.g., USB dongle), Personal Data
Assistant (PDA) or a tablet provided with wireless com-
munication capabilities, or any combinations of these or
the like. The communication device 200 may provide, for
example, communication of data for carrying communi-
cations such as voice, electronic mail (e-mail), text mes-
sage, multimedia and so on. Users may thus be offered
and provided numerous services via their communication
devices. Non-limiting examples of these services com-
prise two-way or multi-way calls, data communication or
multimedia services or simply an access to a data com-
munications network system, such as the Internet. Users
may also be provided broadcast or multicast data. Non-
limiting examples of the content comprise downloads,
television and radio programs, videos, advertisements,
various alerts and other information.

[0061] Inanindustrial application a communication de-
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vice may be a modem integrated into an industrial actu-
ator (e.g., a robot arm) and/or a modem acting as an
Ethernet-hub that will act as a connection point for one
or several connected Ethernet devices (which connec-
tion may be wired or unwired).

[0062] The communication device 200 is typically pro-
vided with at least one data processing entity 201, at least
one memory 202 and other possible components 203 for
use in software and hardware aided execution of tasks
it is designed to perform, including control of access to
and communications with access systems and other
communication devices. The data processing, storage
and other relevant control apparatus can be provided on
an appropriate circuit board and/or in chipsets 204. The
user may control the operation of the communication de-
vice 200 by means of a suitable user interface such as
keypad 205, voice commands, touch sensitive screen or
pad, combinations thereof or the like. A display 208, a
speaker and a microphone can be also provided. Fur-
thermore, the communication device 200 may comprise
appropriate connectors (either wired or wireless) to other
devices and/or for connecting external accessories, for
example hands-free equipment, thereto.

[0063] The communication device 200 may receive
signals over an air or radio interface 207 via appropriate
apparatus for receiving and may transmit signals via ap-
propriate apparatus for transmitting radio signals. In FIG.
2, transceiver apparatus is designated schematically by
block 206. The transceiver apparatus 206 may be pro-
vided for example by means of a radio part and associ-
ated antenna arrangement. The antenna arrangement
may be arranged internally or externally to the commu-
nication device 200.

[0064] The communication device 200 may also or al-
ternatively be configured to communicate using one or
more Global Navigational Satellite Systems (GNSS such
as GPS or GLONASS), one or more mobile television
broadcasting standards (e.g., ATSC-M/H or DVB-H),
and/or any other wireless communication protocol, if de-
sired. Other combinations of wireless communication
standards (including more than two wireless communi-
cation standards) are also possible.

[0065] Generally, the communication device 200 illus-
trated in FIG. 2 includes a set of components configured
to perform core functions. For example, this set of com-
ponents may be implemented as a system on chip (SoC),
which may include portions for various purposes. Alter-
natively, this set of components may be implemented as
separate components or groups of components for the
various purposes. The set of components may be (com-
municatively) coupled (e.g., directly or indirectly) to var-
ious other circuits of the communication device 200.
[0066] The communication device 200 may include at
least one antenna in communication with a transmitter
and a receiver (e.g., the transceiver apparatus 206). Al-
ternatively, transmit and receive antennas may be sep-
arate. The communication device 200 may also include
a processor (e.g., the at least one data processing entity
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201) configured to provide signals to and receive signals
from the transmitter and receiver, respectively, and to
control the functioning of the communication device 200.
The processor may be configured to control the function-
ing of the transmitter and receiver by effecting control
signaling via electrical leads to the transmitter and re-
ceiver. Likewise, the processor may be configured to con-
trol other elements of the communication device 200 by
effecting control signaling via electrical leads connecting
processor to the other elements, such as a display (e.g.,
display 208) or a memory (e.g., the at least one memory
202). The processor may, for example, be embodied in
a variety of ways including circuitry, at least one process-
ing core, one or more microprocessors with accompany-
ing digital signal processor(s), one or more processor(s)
without an accompanying digital signal processor, one
or more coprocessors, one or more multi-core proces-
sors, one or more controllers, processing circuitry, one
or more computers, various other processing elements
including integrated circuits such as, for example, an Ap-
plication Specific Integrated Circuit (ASIC), a Field Pro-
grammable Gate Array (FPGA), and/or the like, or some
combination thereof. Accordingly, in some examples, the
processor may comprise a plurality of processors or
processing cores.

[0067] Thecommunication device 200 may be capable
of operating with one or more air interface standards,
communication protocols, modulation types, access
types, and/or the like. Signals sent and received by the
processor may include signaling information in accord-
ance with an air interface standard of an applicable cel-
lular system, and/or any number of different wireline or
wireless networking techniques, comprising but not lim-
ited to Wi-Fi, WLAN techniques, such as Institute of Elec-
trical and Electronics Engineers (IEEE) 802.11, 802.16,
802.3, ADSL, DOCSIS, and/or the like. In addition, these
signals may include speech data, user generated data,
user requested data, and/or the like.

[0068] For example, the communication device 200
and/or a cellular modem therein may be capable of op-
erating in accordance with various 3rd Generation (3G)
communication protocols, 4th generation (4G) commu-
nication protocols, 5t Generation (5G) communication
protocols, Internet Protocol Multimedia Subsystem (IMS)
communication protocols such as, for example, Session
Initiation Protocol (SIP) and/or the like, or 5G beyond.
For example, the communication device 200 may be ca-
pable of operating in accordance with 4G wireless com-
munication protocols, such as LTE-A, 5G, and/or the like
as well as similar wireless communication protocols that
may be subsequently developed.

[0069] Itis understood that the processor may include
circuitry forimplementing audio/video and logic functions
of the communication device 200. For example, the proc-
essor may comprise a digital signal processor device, a
microprocessor device, an analog-to-digital converter, a
digital-to-analog converter, and/or the like. Control and
signal processing functions of the communication device
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200 may be allocated between these devices according
to their respective capabilities. The processor may addi-
tionally comprise an internal voice coder, an internal data
modem, and/or the like. Further, the processor may in-
clude functionality to operate one or more software pro-
grams, which may be stored in memory. In general, the
processor and stored software instructions may be con-
figured to cause the communication device 200 to per-
form actions. For example, the processor may be capable
of operating a connectivity program, such as a web
browser. The connectivity program may allow the com-
munication device 200 to transmit and receive web con-
tent, such as location-based content, according to a pro-
tocol, such as Wireless Application Protocol (WAP), Hy-
perText Transfer Protocol (HTTP), and/or the like.

[0070] The communication device 200 may also com-
prise a user interface including, forexample, an earphone
or speaker, aringer, a microphone, a display, a user input
interface, and/or the like, which may be operationally cou-
pled to the processor. The display may, as noted above,
include a touch sensitive display, where a user may touch
and/or gesture to make selections, enter values, and/or
the like. The processor may also include user interface
circuitry configured to control at least some functions of
one or more elements of the user interface, such as the
speaker, the ringer, the microphone, the display, and/or
the like. The processor and/or user interface circuitry
comprising the processor may be configured to control
one or more functions of one or more elements of the
user interface through computer program instructions,
for example, software and/or firmware, stored on a mem-
ory accessible to the processor, for example, volatile
memory, non-volatile memory, and/or the like. The com-
munication device 200 may include a battery for powering
various circuits related to the mobile terminal, for exam-
ple, a circuit to provide mechanical vibration as a detect-
able output. The user input interface may comprise de-
vices allowing the communication device 200 to receive
data, such as a keypad (e.g., keypad 206) and/or other
input devices. The keypad can also be a virtual keyboard
presented on display or an externally coupled keyboard.
[0071] The communication device 200 may also in-
clude one or more mechanisms for sharing and/or ob-
taining data. For example, the communication device 200
may include a short-range radio frequency (RF) trans-
ceiver and/or interrogator, so data may be shared with
and/or obtained from electronic devices in accordance
with RF techniques. The communication device 200 may
include other short-range transceivers, such as an infra-
red (IR) transceiver, a Bluetooth™ (BT) transceiver op-
erating using Bluetooth’ wireless technology, a wireless
Universal Serial Bus (USB) transceiver, a Bluetooth™
Low Energy transceiver, a ZigBee transceiver, an ANT
transceiver, a cellular device-to-device transceiver, a
wireless local area link transceiver, and/or any other
short-range radio technology. The communication de-
vice 200 and more specifically, the short-range transceiv-
ermay be capable of transmitting data to and/orreceiving
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data from electronic devices within the proximity of the
apparatus, such as within 10 meters, for example. The
communication device 200 including the Wi-Fi or WLAN
modem may also be capable of transmitting and/or re-
ceiving data from electronic devices according to various
wireless networking techniques, including 6LoWPAN,
Wi-Fi, Wi-Filow power, WLAN techniques such as IEEE
802.11 techniques, IEEE 802.15 techniques, IEEE
802.16 techniques, and/or the like.

[0072] The communication device 200 may comprise
memory, such as one or more Subscriber Identity Mod-
ules (SIM), one or more Universal Subscriber Identity
Modules (USIM), one or more removable User Identity
Modules (R-UIM), one or more Embedded Universal In-
tegrated Circuit Cards (eUICCs), one or more Universal
Integrated Circuit Cards (UICC), and/or the like, which
may store information elements related to a mobile sub-
scriber. In addition, the communication device 200 may
include other removable and/or fixed memory. The com-
munication device 200 may include volatile memory
and/or non-volatile memory. For example, the volatile
memory may include Random Access Memory (RAM)
including dynamic and/or static RAM, on-chip or off-chip
cache memory, and/or the like. The non-volatile memory,
which may be embedded and/orremovable, may include,
for example, read-only memory, flash memory, magnetic
storage devices, for example, hard disks, floppy disk
drives, magnetic tape, optical disc drives and/or media,
non-volatile random-access memory (NVRAM), and/or
the like. Like volatile memory, the non-volatile memory
may include a cache area for temporary storage of data.
At least part of the volatile and/or non-volatile memory
may be embedded in the processor. The memories may
store one or more software programs, instructions, piec-
es ofinformation, data, and/or the like which may be used
by the apparatus for performing operations disclosed
herein.

[0073] The memories may comprise an identifier, such
as an International Mobile Equipment Identification (IM-
El) code, capable of uniquely identifying the communi-
cation device 200. In the example embodiment, the proc-
essor may be configured using computer code stored at
memory to cause the processor to perform operations
disclosed herein.

[0074] Some of the embodiments disclosed herein
may be implemented in software, hardware, application
logic, or a combination of software, hardware, and appli-
cation logic. The software, application logic, and/or hard-
ware may reside on the memory, the processor, or elec-
tronic components, for example. In some example em-
bodiment, the application logic, software or an instruction
set is maintained on any one of various conventional
computer-readable media. In the context of this docu-
ment, a "computer-readable medium" may be any non-
transitory media that can contain, store, communicate,
propagate or transport the instructions for use by or in
connection with an instruction execution system, appa-
ratus, or device, such as a computer or data processor
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circuitry, with examples depicted at FIG. 3, computer-
readable medium may comprise a non-transitory com-
puter-readable storage medium that may be any media
that can contain or store the instructions for use by or in
connection with an instruction execution system, appa-
ratus, or device, such as a computer.

[0075] A user equipment (UE) may include a wireless
or mobile device, an apparatus with a radio interface to
interact with a RAN (Radio Access Network), a smart-
phone, an in-vehicle apparatus, an loT device, a M2M
device, or else. Such UE or apparatus may comprise: at
least one processor; and at least one memory including
computer program code; wherein the at least one mem-
ory and the computer program code are configured to,
with the at least one processor, cause the apparatus at
least to perform certain operations, like e.g. RRC con-
nection to the RAN. A UE is e.g. configured to generate
a message (e.g. including a cell ID) to be transmitted via
radio for a RAN (e.g. to reach and communicate with a
serving cell). A UE may generate and transmit and re-
ceive RRC messages containing one ormore RRC PDUs
(Packet Data Units).

[0076] The UE may have different states (e.g. accord-
ing to 3GPP TS 38.331 V16.5.0 (2021-06) sections 42.1
and 4.4, incorporated by reference). A UE is e.g. either
inRRC _CONNECTED state orinRRC _INACTIVE state
when an RRC connection has been established.

[0077] In RRC _CONNECTED state a UE may store
the AS (access stratum) context, transfer unicast data
to/from the UE, monitor control channels associated with
the shared data channel to determine if data is scheduled
for the data channel, provide channel quality and feed-
back information, perform neighboring cell measure-
ments and measurement reporting.

[0078] In some embodiments, the communication de-
vice 200 (i.e., UE orauserdevice in anetwork) comprises
the processor (e.g., the at least one data processing en-
tity 201) and the memory (e.g., the at least one memory
202). The memory includes computer program code
causing the communication device 200 to perform
processing according to the methods described below.

[0079] FIG. 3 shows an example embodiment of a con-
trol apparatus for a communication system, for example
to be coupled to and/or for controlling a station of an
access system, such as aRAN node, e.g., a base station,
eNB or gNB, a relay node or a core network node such
as an MME or S-GW or P-GW, or a core network function
such as AMF/SMF, or a server or host. The method may
be implanted in a single control apparatus or across more
than one control apparatus. The control apparatus may
be integrated with or external to a node or module of a
core network or RAN. In some embodiments, base sta-
tions comprise a separate control apparatus unit or mod-
ule. In other embodiments, the control apparatus can be
another network element such as an RNC or a spectrum
controller. In some embodiments, a base station may
have such a control apparatus as well as a control ap-
paratus being provided in an RNC. The control apparatus
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300 can be arranged to provide control on communica-
tions in the service area of the system. The control ap-
paratus 300 comprises at least one memory 301, atleast
one data processing unit 302, 303 and an input/output
interface 304. Via the interface the control apparatus 300
can be coupled to areceiver and a transmitter of the base
station. The receiver and/or the transmitter may be im-
plemented as a radio front end or a remote radio head.
[0080] Generally, the control apparatus 300 has an an-
tenna, which transmits and receives radio signals. Aradio
frequency (RF) transceiver module, coupled with the an-
tenna, receives RF signals from antenna, converts them
to baseband signals and sends them to processor (e.g.,
the at least one data processing unit 302, 303). RF trans-
ceiver also converts received baseband signals from
processor, converts them to RF signals, and sends out
to antenna. A processor processes the received base-
band signals and invokes different functional modules to
perform features in control apparatus 300. Memory (e.g.,
the atleast one memory 301) stores program instructions
and datato control the operations of the control apparatus
300. In the example of FIG. 3, the control apparatus 300
alsoincludes protocol stack and a set of control functional
modules and circuit. PDU session handling circuit han-
dles PDU session establishment and modification pro-
cedures. Policy control module that configures policy
rules for UEs. Configuration and control circuit provides
different parameters to configure and control UEs of re-
lated functionalities including mobility management and
session management. Suitable processors include, by
way of example, a special purpose processor, a digital
signal processor (DSP), a plurality of micro-processors,
one or more micro-processor associated with a DSP
core, a controller, a microcontroller, ASICs, FPGA cir-
cuits, and other type of integrated circuits (ICs), and/or
state machines.

[0081] In some embodiments, the control apparatus
300 (i.e., a base station, a wireless transmitting and/or
receiving point equipment, or a network node in a net-
work) comprises the processor (e.g., the atleastone data
processing unit 302, 303) and the memory (e.g., the at
least one memory 301). The memory includes computer
program code causing the control apparatus 300 to per-
form processing according to the method described be-
low with reference to FIGS. 5 et seq.

[0082] Inthe nextembodimentin FIG. 4, the temporary
tracking area procedure supportis shown again on a finer
granularity including the roles of the gNB 401 and the
AMF 402 from CN. The setup is as before, where the UE
400 is in RRC CONNECTED mode to a cell of the gNB
and ready to download or send information.

[0083] In a first activity, at 403, the AMF 402 sends a
UE update request to configure the UE 400 with tempo-
rary tracking area information and the TA timing informa-
tion for the temporary TA. The CN knows based on the
UE behavior and the periodically sending RNA updates
from the UE 400, the timing information and the tracking
area of the UE 400 and may determine which TA is only
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temporary. The first message is received by the UE 400
over Non-Access Stratum, NAS, signaling from the Ac-
cess and Mobility Management Function, AMF 402.The
functional layer NAS of the protocol stack between the
CN and the UE manages all the communication between
these two entities when the UE is moving, i.e. changing
RAN nodes or cells or registering any new nodes with
cells.

[0084] Next, at 404, the RAN Node or gNB is aware of
the TAC and the temporary tracking area deployment at
neighbor cells, so that every entity of the method has the
same information and may be synced.

[0085] At 405, the gNB needs to know the RA of the
UE, soitreceives the RA of the UE to determine the RNA
of the UE at the next stage 406. While in RRC CON-
NECTED state, the UE 400 and gNB 401 are free to
communicate with each other. Note that, the RNA of the
UE may not include the actual RNA of the UE as the RA
includes certain cells that belong to temporary tracking
areas.

[0086] At407,the UE 400 receives a second message
which is a Radio Resource Control, RRC, message from
a RAN node 401. Beside the RRC RELEASE procedure,
additional information is sent to initiate the temporary TA
inclusion to the RNA. The RAN node 401 indicates that
the temporary cell has to be included in the RNA and that
the temporary cell is related to the temporary TA. Now,
every entity has the same information regarding the tem-
porary cell/TA support for the RNA. In specifically this
embodiment, this temporary RNA inclusion information
is sent by RAN signaling to indicate the information to
the UE 400.

[0087] In some embodiments, the UE 400 determines
whether the TA to which the cell belongs is the temporary
TA based on this temporary RNA inclusion information.
In other embodiments, the UE 400 determines that the
TA to which the cell belongs is the temporary TA upon
reception of the second message.

[0088] In the next activity, at 408, the UE NAS is con-
figured with the timing information for temporary TAs re-
ceived via the first message from the AMF 402. The UE
Access Stratum (AS) acquires the temporary RNA inclu-
sion information from the UE NAS at 409. The UE AS is
then configuring the RNA with the received timing infor-
mation indicated by the UE NAS for the at least one tem-
porary tracking area.

[0089] In the final activities 410 and 411, the UE 400
is now provided with the temporary RNA inclusion infor-
mation which includes timing information. When the time
reaches now a first point of time, the UE 400 adds the
temporary cells to the RNA as indicated with the timer
and when the time reaches a second point of time which
is after the first point of time, the UE 400 removes the
temporary cells from the RNA as indicated with the timer.
[0090] In a further embodiment, in FIG. 5, the RAN
node has a further configuration activity in cases the RRC
RELEASE may not be used for further information. The
RAN node 401 is configured by Operations, Administra-
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tion and Maintenance (OAM) to not indicate the RNA
inclusion information to the UE in the RRC RELEASE
message.

[0091] As before, the UE is CONNECTED to the gNB
and the AMF 402 configures the UE 400 with temporary
tracking area information and timing information at 403.
[0092] Similarly at 404, the RAN node is aware of the
TAC and the temporary tracking area deployment at
neighbor cells and receives, at 405, the registration area
(RA) of the UE.

[0093] Now, at 501, The RAN node 401 updates the
UE 400 with an RRC RELEASE message and releases
the UE 400 to RRC INACTIVE state, but the RAN node
401 does notinclude RNA inclusion information this time.
[0094] The further procedure activities, are the same
asforFIG.4.So,in408 the UE AS acquires the temporary
RNA inclusion information from the UE NAS. This option,
as before, mandates that the UE NAS is preconfigured,
at409, with the TAC based timer information by the AMF
402 from the first message in 403. Being provided the
temporary RNA inclusion information, the UE adds and
removes TACs from the RNA as indicated with the timer
at 410 and 411.

[0095] InFIG. 6, the AMF 402 configures both, the UE
400 and the gNB 401 beforehand, so that no communi-
cation between the gNB and the UE has to be done. This
embodiment delivers another method, where no further
information needs to be sentin the RRC RELEASE mes-
sage.

[0096] As previously described in FIG. 4, the AMF 402
configures the UE 400 with temporary tracking area in-
formation and timing information to be included in the
RNA in case the UE changes its RRC state.

[0097] The new activity in comparison to FIGS. 4 and
5 is now, at 601, that the AMF informs the gNB that UE
is configured with TA timing information for temporary
tracking areas in RA.

[0098] The further steps are the same as in FIGS. 4
and 5, so in 404 to 406 the gNB is already aware of tem-
porary tracking areas and their timing information, re-
ceives the RA of the UE and then determines the RNA
based on the information provided by the AMF 402.
[0099] Ifthe UEis now released (not shown), no further
information needs to be sent, because the RAN node
has already all information that is needed to find the UE,
which is the difference to FIG. 5.

[0100] In the further stages, at 408 to 411, the method
follows the exact procedure as explained in FIG. 4, so
the UE AS acquires the temporary RNA inclusion infor-
mation from the UE NAS, which mandates that the UE
NAS is preconfigured with the TAC based timer informa-
tion by the AMF and then the UE 400 being provided with
the temporary RNA inclusion information adds and re-
moves TACs from the RNA as indicated with the timer.
[0101] Toshow theinvention in a more schematic way,
FIG. 7 visualizes an example of the method seen from
the outside of the system.

[0102] Per definition, the RNA has to be a subset of
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the RA to facilitate the search for the UE in case it is in
INACTIVE state and data has to be sent. The UE 701 is
RRC CONNECTED to a cell of a base station 704. This
cell or gNB is then part of one TA of the UE (e.g. 703).
The RA 705 is spanned by all TAs, so it involves the two
TAs as shown in FIG. 7. The RNA may then be the whole
RA of the UE or a subset as described further above.
[0103] Incase the UE 701 moves out of the TA, it has
to register again with another cell or gNB and send an
RNA update which leads to a further TA and a bigger RA
of the UE and an adapted RNA based on the RNA con-
figuration in the core network 700. For instance, when a
person goes to work from 9 am to 5 pm, it is connected
to another gNB that is near the workplace, so temporarily
in another TA than his home place, i.e. the area where
the UE is registered most of the time. In some cases, the
UE does not move locally out of the known tracking areas,
but needs another network slice for a specific service.
Then the UE 701 registers temporary to another cell or
gNB 706 for this service. In both cases, due to the defi-
nition of the RNA, the cell 706 and/or TA 707 has to be
included to the RA 708, so that the RNA 702 is a subset
of the RA 708. As discussed above, a greater RA and/or
RNA may lead to a paging overhead. So, a temporary
inclusion of cells and/or TAs to the RNA leads to a re-
source and time save to find an RRC INACTIVE UE.
[0104] On UE side only, the embodiment is exemplary
shown in FIG. 8.

[0105] The UE 400 is configured with registration area,
which is formed by the plurality of TAs in 801 and where
the registration area has temporary tracking area support
and the corresponding timing information.

[0106] Then, at 802, the UE 400 is released to RRC
INACTIVE state and is configured with the RAN notifica-
tion area.

[0107] After that, at 803, the UE 400 receives tempo-
rary RNA inclusion information to temporarily include or
remove cells and/or TAs from the RAN notification area
and the corresponding timing information, i.e. the starting
time and end time, when the cell and/or TA has to be
added or removed.

[0108] When the Time reaches a specific point of time
while the UE is in RRC INACTIVE state and does not
actively send RNA updates, the UE uses temporary RNA
inclusion information to temporarily add TAs and/or cells
temporarily to the RNA as dictated by the timer at 804.
[0109] Likewise at 805, when the time reaches a point
of time which is after the first point of time, then the UE
uses temporary RNA inclusion information to temporarily
remove TAs and/or cells temporarily from the RNA as
dictated by the timer.

[0110] In another embodiment in FIG. 9, the method
comprises a UE 400 and a gNB 401 where UE gets di-
rectly from the RAN node all the necessary information
without determining or configuring anything.

[0111] As already described multiple times in FIGS. 4
- 6, in activities 404 to 406, the RAN node/gNB is aware
of the TAC and the temporary tracking area deployment
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atneighborcells. So, itreceives the registration area (RA)
of the UE and determines that the RNA of the UE may
not comprise the RNA of the UE as the RA comprises
certain cells that belongs to temporary tracking areas.
[0112] The RAN node indicates the timing information
for a cell to be removed and added timely to the RNA of
the UE in an extra piece of information in the RRC RE-
LEASE message to the UE at 901.

[0113] The UE which is being provided with the tem-
porary RNA inclusion information, adds the cells to the
RNA at 902 and removes the cells from the RNA as in-
dicated with the timer at 903.

[0114] Inthe same setup, the UE may include tracking
areas instead of cells to the RNA as depicted in FIG. 10
[0115] The activities 404 to 406 remain the same, but
instead of indicating the timing information from a cell, in
1001 the timing information from a tracking area has to
be added and removed timely to the RNA of the UE. This
message is sent via the RRC RELEASE message again.
[0116] The UE which is being provided with the tem-
porary RNA inclusion information, adds the TAs to the
RNA at 1002 and removes the TAs from the RNA as
indicated with the timer at 1003.

[0117] It is noted that whilst embodiments have been
describedinrelation to LTE and 5G NR, similar principles
can be applied in relation to other networks and commu-
nication systems where enforcing fast connection re-es-
tablishment is required. Therefore, although certain em-
bodiments were described above by way of example with
reference to certain example architectures for wireless
networks, technologies and standards, embodiments
may be applied to any other suitable forms of communi-
cation systems than thoseiillustrated and described here-
in.

[0118] Itis also noted herein that while the above de-
scribes exemplary embodiments, there are several var-
iations and modifications which may be made to the dis-
closed solution without departing from the scope of the
subject disclosure.

[0119] Ingeneral,the various exemplary embodiments
may be implemented in hardware or special purpose cir-
cuits, software, logic or any combination thereof. Some
aspects of the subject disclosure may be implemented
in hardware, while other aspects may be implemented in
firmware or software which may be executed by a con-
troller, microprocessor or other computing device, al-
though the subject disclosure is not limited thereto. While
various aspects of the subject disclosure may be illus-
trated and described as block diagrams, flow charts, or
using some other pictorial representation, it is well un-
derstood that these blocks, apparatus, systems, tech-
niques or methods described herein may be implement-
ed in, as non-limiting examples, hardware, software,
firmware, special purpose circuits or logic, general pur-
pose hardware or controller or other computing devices,
or some combination thereof.

[0120] Example embodiments of the subject disclo-
sure may be implemented by computer software execut-
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able by a data processor of the mobile device, such as
in the processor entity, or by hardware, or by a combi-
nation of software and hardware. Computer software or
program, also called program product, including software
routines, applets and/or macros, may be stored in any
apparatus-readable data storage medium and they com-
prise program instructions to perform particular tasks. A
computer program product may comprise one or more
computer- executable components which, when the pro-
gram is run, are configured to carry out embodiments.
The one or more computer-executable components may
be at least one software code or portions of it.

[0121] Furtherin this regard it should be noted that any
blocks of the logic flow as in the figures may represent
program steps, or interconnected logic circuits, blocks
and functions, or a combination of program steps and
logic circuits, blocks and functions. The software may be
stored on such physical media as memory chips, or mem-
ory blocks implemented within the processor, magnetic
media such as hard disk or floppy disks, and optical me-
dia such as for example DVD and the data variants there-
of, CD. The physical media is a non-transitory media.
[0122] The memory may be of any type suitable to the
local technical environment and may be implemented us-
ing any suitable data storage technology, such as sem-
iconductor-based memory devices, magnetic memory
devices and systems, optical memory devices and sys-
tems, fixed memory and removable memory. The data
processors may be of any type suitable to the local tech-
nical environment, and may comprise one or more of
general-purpose computers, special purpose comput-
ers, microprocessors, digital signal processors (DSPs),
application specific integrated circuits (ASICs), FPGA,
gate level circuits and processors based on multi-core
processor architecture, as non-limiting examples.
[0123] Example embodiments of the subject disclo-
sure may be practiced in various components such as
integrated circuit modules. The design of integrated cir-
cuits is by and large a highly automated process. Com-
plex and powerful software tools are available for con-
verting a logic level design into a semiconductor circuit
design ready to be etched and formed on a semiconduc-
tor substrate.

[0124] The foregoing description has provided by way
of non-limiting examples a full and informative description
of the exemplary embodiment of the subject disclosure.
However, various modifications and adaptations may be-
come apparent to those skilled in the relevant arts in view
of the foregoing description, when read in conjunction
with the accompanying drawings and the appended
claims. However, all such and similar modifications of
the teachings of this disclosure will still fall within the
scope of the subject disclosure as defined in the append-
ed claims. Indeed, there is a further embodiment com-
prising a combination of one or more embodiments with
any of the other embodiments previously discussed.
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Claims

A method performed by an apparatus, the method
for configuration of a Radio Access Network, RAN,
Notification Area, RNA of the apparatus, the method
comprising:

receiving a first message including Tracking Ar-
ea, TA, information comprising timing informa-
tion for at least one temporary TA;

receiving a second message including RNA in-
formation comprising information indicating a
cell to be added to the RNA and the TA to which
the cell belongs;

configuring the RNA with the timing information
for the at least one temporary TA; and

when the TA to which the cell belongs is the at
least one temporary TA, temporarily adding the
cell to the RNA based on the timing information
for the at least one temporary TA.

A method performed by an apparatus, the method
for configuration of a Radio Access Network, RAN,
Notification Area, RNA, of the apparatus, the method
comprising:

receiving a first message including Tracking Ar-
ea, TA, information comprising timing informa-
tion for at least one temporary TA;

receiving a second message including RNA in-
formation comprising information indicating a
TA to be added to the RNA;

configuring the RNA with the timing information
for the at least one temporary TA; and

when the TA is the at least one temporary TA,
temporarily adding the at least one temporary
TA to the RNA based on the timing information
for the at least one temporary TA.

The method of any of claims 1 or 2, wherein the first
message is received in Non-Access Stratum, NAS,
signaling from the Access and Mobility Management
Function, AMF.

The method of any of the previous claims, wherein
the second message is a Radio Resource Control,
RRC, message received from a RAN node.

The method of any of the previous claims, wherein
configuring the RNA with the timing information com-
prises indicating, by a Non-Access Stratum, NAS of
the apparatus, the timing information for the at least
one temporary tracking area to the Access Stratum,
AS, of the apparatus.

The method of any of the previous claims, wherein
the timing information comprises a time period during
which the cell or the temporary TA is added to the
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RNA.

The method of claim 1, further comprising determin-
ing, based on the TA information, whether the TA to
which the cell belongs is the at least one temporary
TA.

The method of claim 1, further comprising, upon re-
ceiving the second message, determining that the
TA to which the cell belongs is the at least one tem-
porary TA.

A method for configuration of a Radio Access Net-
work, RAN, Notification Area, RNA, of a UE which
is configured with timing information for at least one
temporary TA, the method performed by a RAN node
having RNA information comprising information in-
dicating a cell to be added to the RNA of the UE, the
method comprising:

determining whether the cell belongs to the at
least one temporary TA; wherein, when the cell
belongs to the atleast one temporary TA, includ-
ing in the RNA information of the RAN node fur-
ther information that indicates the TA to which
the cell belongs; and

transmitting, to the UE, a message including the
RNA information.

The method of claim 9, wherein the message is a
Radio Resource Control, RRC, Release message.

An apparatus comprising a processor and a memory
with instructions which, when executed by the proc-
essor, cause the apparatus to perform the method
of any of claims 1 to 8.

A User Equipment, UE, comprising the apparatus of
claim 11, and a baseband module configured to man-
age reception of the first message and reception of
the second message.

A Radio Access Network, RAN, node, the RAN node
being adapted to be communicatively coupled to a
user equipment, UE, which is configured with timing
information for at least one temporary TA, and with
a Radio Access Network, RAN, Notification Area,
RNA, the RAN node having RNA information indi-
cating a cell to be added to the RNA of the UE, and
the RAN node comprising at least one processor and
at least one memory comprising instructions which,
when executed by the at least one processor, cause
the RAN node to:

determine whether the cell belongs to the at
least one temporary TA; wherein, when the cell
belongs to the atleast one temporary TA, includ-
ing in the RNA information further information
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that indicates the TA to which the cell belongs;
and

transmit a message to the UE, the message in-
cluding the RNA information.

The RAN node of claim 13, wherein the message is
a Radio Resource Control, RRC, Release message.

A computer program comprising instructions, which,
when executed by an apparatus, cause the appara-
tus to perform the method of any one of claims 1 to
10.
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